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控自噬水平。近期研究表明，p62 存在泛素化修饰，但 DUB 是否可以通过去泛
素化作用调控 p62 的泛素化水平，进而影响自噬的进程目前还不得而知。我们的
研究表明：去泛素化酶 DUB-X与 p62存在很强的相互作用；在多种细胞系中敲
低 DUB-X 后 p62 的蛋白水平有明显升高。进一步研究表明 DUB-X 促进 p62 蛋
白降解。通过共聚焦及透射电镜实验我们确定了 DUB-X通过影响 p62 蛋白水平

































Autophagy is a process by which components of the cell are degraded to maintain 
essential activity and viability in response to nutrient limitation. Autophagy is important 
for maintaining normal living activities of the organism. Mitophagy is a selective form 
of autophagy by which dysfunctional mitochondria are degraded in autolysosomes, and 
mitophagy represents one type of mitochondrial quality control, which is essential for 
optimal mitochondrial bioenergetics. p62 is a protein encoded by the SQSTM1 gene. As 
an important selective autophytic adapter protein, it plays a pivotal role in the selective 
autophagy of cells. Deubiquitination enzyme (DUB) is an important enzyme in the cell. 
It can remove the ubiquitin chain from the ubiquitinated protein, which affects the 
degradation and location of the protein in the cell and thus plays a very important role 
in the normal life activities of the cell. DUBs can also play an important role in the 
regulation of autophagy by regulating autophagy-related core factors such as ULK1. 
Recent studies have shown that p62 can be ubiquitinated. But it is still unclear whether 
DUBs can affect the process of autophagy by influencing the ubiquitination level of 
p62. Our study shows that there is a strong interaction between DUB-X and p62, and 
that the protein level of p62 is significantly increased after knockdown of DUB-X in a 
variety of cell lines. Further studies have shown that DUB-X can accelerate the 
degradation of p62. Our study indicated that DUB-X can regulate autophagy by 
influencing p62 protein levels by confocal microscopy and transmission electron 
microscopy. This study provides a new perspective for further understanding of how 
DUBs regulates autophagy. 
 



























































图 1.1.1 细胞自噬的分类 
Fig. 1.1.1 Classification of autophagy 
注：本图引自Mizushima, N., B. Levine, A.M. Cuervo, et al., Autophagy fights disease through 






































起始；2. 自噬体(autophagosome) 的形成；3. 自噬体与溶酶体融合，形成自噬
溶酶体（autolysosome）；4. 自噬溶酶体内的内层膜以及内容物在溶酶体内的降
解及自噬溶酶体的再生（图 1.1.2）[1, 9, 10]。 
 
 
图 1.1.2 细胞自噬的过程 
Fig. 1.1.2 Process of autophagy 
注：本图引自 Yang, Z. , D.J. Klionsky, Eaten alive: a history of macroautophagy. Nat Cell Biol, 



















相关蛋白将会被募集至 PAS（phagophore assembly site）参与自噬的起始过程。 
哺乳动物中细胞在自噬的起始阶段受 PI3K（phosphatidylinositol 3-kinase）复
合物和ULK1（UNC51-like kinase）复合物的调控。PI3K复合物由 PI3K（hVps34）











处理时，mTOR 的活性受到抑制，从而导致 ULK1 被激活，进而导致 Atg13 和
FIP200 被磷酸化，从而促进了自噬的发生。研究表明 AMPK 不仅可以通过调控
mTOR 的活性来正向调控 ULK1 介导的自噬[18]，还可以直接磷酸化 ULK1，从
而促进自噬的发生[19]。 
自噬的发生离不开在 PAS 处自噬体膜的形成。Atg9 即为自噬起始阶段的关
键膜整合蛋白。Atg9 可作为脂类物质的载体将一些自噬相关蛋白如 LC3
（micotubulesas associated protein light chain）募集至 PAS 处[20]。Atg18亦可通过




















Atg10（类似于 E2 泛素结合酶）的作用下结合到 Atg5。Atg12 与 Atg5 共价连接
后可与 Atg16L结合，Atg16L即可介导 Atg12-Atg5-Atg16L复合体到达自噬体膜
上。Atg12-Atg5 很可能作为包裹小泡形成的临时帽子结构，从而弯曲自噬体膜
使得自噬小泡被隔离出来[22]。LC3 作为酵母 Atg8 的同源物，它在合成后可被













与囊泡的融合过程中发挥重要作用 [25]。此外，LAMPs（ lysosome-associated 






（proline-rich protein BstNI subfamily 1）[26]和负责去除氧化损伤蛋白的 Pep4
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